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(54) ULTRAFINE-GRAIN STEEL PIPE AND PROCESS FOR MANUFACTURING THE SAME 



(57) A steel pipe containing fine ferrrte crystal 
grains, which has excellent toughness and ductility and 
good ductility-strength balance as well as superior colli- 
sion impact resistance, and a method for producing the 
same are provided. A steel pipe containing siper-fine 
crystal grains can be produced by heating a base steel 
ppe having ferrrte grains with an average crystal diam- 
eter of di (jim), in which C, Si, Mn and AJ are limited 



within proper ranges, and if necessary, Cu, Ni, Cr and 
Mo, or Nb. Ti, V, B, etc. are further added, at not higher 
than the Acj transformation point, and applying reduc- 
ing at an average rolling temperature of 6m (°C) and a 
total reduction ration Tred (%) within s temperature 
range of from 400 to AC3 transformation point, with di, 
0m and Tred being in a relation satisfying a prescribed 
equation. 
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Description 

TECHNICAL FIELD OF THE INVENTION: 

5 [0001] The present invention relates to a steel pipe containing superfine crystal grains, which has excellent strength, 
toughness and ductility and superior collision impact resistance and a method for producing the same. 

BACKGROUND ART: 

w [0002] The strength of steel materials have been increased heretofore by adding alloying elements such as Mn and 
Si, and by utilizing, for instance, controlled rolling, controlled cooling, thermal treatments such as quenching and tem- 
pering, or by adding precipitation hardening elements such as Nb and V. In the case of a steel material, however, not 
only strength but also high ductility and toughness are required. Hence, a steel material with balanced strength and 
ductility as well as toughness has been demanded. 

15 [0003] The reduction in crystal size is important in that it is one of the few means for increasing not only strength, but 
also both of ductility and toughness at the same time. Crystal grains sufficiently reduced in size can be realized by. for 
example, a method which comprises preventing coarsening of austenite grains and obtaining fine ferritic crystal grains 
from fine austenite grains by utilizing the austenite - ferrite transformation; a method which comprises obtaining fine far- 
rite grains from fine austenite grains realized by working; or a method which comprises utilizing martensite or lower 

20 bainrte resulting from quenching and tempering. 

[0004] In particular, controlled rolling comprising intense working in the austenrtic region and reducing size of ferrite 
grains by using the subsequent austenite * ferrite transformation is widely utilized for the production of steel materials. 
Furthermore, a method for further reducing the size of ferrite grains by adding a trace amount of Nb and thereby sup- 
pressing the recrystallization of austenite grains is also known in the art. By working in a temperature in the non-recrys- 

25 tallizing temperature region, austenite grains grow as to form a transgranular deformation band, and ferrite grains 
generate from the deformation band as to further reduce the size of the ferrite grains. Furthermore, controlled cooling 
which comprises cooling during or after working is also employed. 

[0005] However, the fine grains available by the methods above have lower limits in the grain size of about 4 to 5 urn. 
Furthermore, the methods are too complicated to be applied to the production of steel pipes. In the liojrt of such circum- 

30 stances, a method comprising simple process steps and yet capable of further reducing the grain size of ferrite crystals 
for improving the toughness and ductility of steel pipes has been required. Moreover, concerning the recent increasing 
demand for steel pipes having superior collision impact resistances to achieve the object of improving safety of auto- 
mobiles, limits in cutting cost has been found so long as the methods enumerated above are employed, because they 
required considerable modification in process steps inclusive of replacing the equipment and the like. 

35 [0006] Furthermore, the improvement in resistances against sulfide stress corrosion cracks of steel pipes for use in 
line pipes, at present, hardness control is performed to lower the concentration of impurities and control the concentra- 
tion of alloy elements. 

[0007] Conventionally, fatigue resistance has been improved by employing thermal treatments such as quench hard- 
ening and tempering, induction hardening, and carburizing, or by adding expensive alloy elements such as Ni, Cr, Mo, 
40 etc. in large amounts. However, these methods has problems of impairing the weldability, and furthermore, of increas- 
ing the cost 

[0008] A high strength steel pipe having a tensile strength of over 600 MPa is produced by using a carbon-rich mate- 
rial containing carbon (C) at a concentration of 0.30% or more, or by a material containing C at a high concentration 
and other alloy elements added at large quantities. In the case of high strength steel ppes thus increased in strength 

45 by methods above, however, the elongation properties tend to be impaired. Thus, in general, the application of intense 
working is avoided; in case intense working is necessary, intermediate annealing is performed during working, and fur- 
ther thermal treatments such as normalizing, quenching and tempering, etc., is applied. However, the application of 
additional thermal treatment such as intermediate annealing makes the process complicated. 
[0009] In the light of the circumstances above, a method which allows intense working of high strength steel pipe with- 

so out applying intermediate annealing is demanded, and also, further reduction in crystal grains is desired for the 
improvement in workability of high strength steel pjpes. 

[001 0] An object of the present invention is to advantageously solve the problems above, and to provide a steel ppe 
improved in ductility and collision impact resistance without incorporating considerable change in production process. 
Another object of the present invention is to provide a method for producing the same steel. Further, another object of 
55 the present invention is to provide a steel pipe and a method for producing the same, said steel pipe containing super 
fine grains having excellent toughness and ductility which are ferrite grains 3 um or less in size, preferably, 2 jun, and 
more preferably, 1 pun or less in size. 

[001 1 ] A still another object oi the present invention is to provide a high strength steel pipe containing superfine crystal 
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grains, which is improved in workability and having a tensile strength of 600 MPa or more, and to a method for producing 
the same. 

DISCLOSURE OF THE INVENTION: 

5 

[001 2] The present Inventors extensively and intensively performed studies on a method of producing high strength 
steel pipes having excellent ductility, yet at a high production speed. As a resutt. it has been found that a highly ductile 
high strength steel pipe having well-balanced strength and ductility properties can be produced by applying reducing to 
a steel pipe having a specified composition in a temperature range of ferrite recovery or recrystallization. 

10 [001 3] First, the experimental results from which the present invention is derived are described below. 

[0014] A seam welded steel pipe ( 0 42.7mm D x 2.9mm t) having a composition of 0.09 wt% C- 0.40 wt%Si • 0.80 
wt%Mn - 0.04 wt%AJ was heated to each of the temperatures in a range of from 750 to 550 °C. and reducing was per- 
formed by using a reducing mill to obtain product pipes differing in outer diameter in a range of 0 33.2 to 1 5.0 mm while 
setting the output speed of drawing to 200 m/min. After rolling, the tensile strength (TS) and elongation (£/) were meas- 

15 ured on each of the product pipes, and the relation between elongation and strength was shown graphically as is shown 
in Fig. 1 (plotted by solid circles in the figure). In the figure, the open circles show the relation between elongation and 
strength of seam welded steel pipes of differing size which were obtained by welding but without applying rolling. 
[0015] For the values of elongation (£/), a reduced value obtained by the following equation: 

20 £/=E/0x{V {a0 /a) ) 04 

(where, EtO represents the observed elongation, aO is a value equivalent to 292 mm 2 , and a represents the cross sec- 
tion area of the specimen (mm 2 )). 

[001 6] Referring to Fig. 1 . it can be seen that higher elongation can be obtained if the base steel pipe is subjected to 
25 reducing in the temperature range of from 750 to 550 °C as compared with the elongation of an as-welded seam welded 
steel pipe at the same strength. That is, the present inventors have been found that a high strength steel p'pe having 
good balance in ductility and strength can be obtained by heating a base steel pipe having a specified composition to 
a temperature range of 750 to 400 °C and applying reducing. 

[001 7] Furthermore, it has been found that the steel pipe produced by the production method above contain fine ferrite 
30 grains 3nm or less in size. To investigate the collision impact resistance properties, the present inventors further 
obtained the relation between the tensile strength (TS) and the grain size of ferrite while greatly changing the strain rate 
to 2.000 s" 1 . As a result it has been found that the tensile strength considerably increases with decreasing the ferrite 
grain diameter to 3 jim or less, and that the increase in TS is particularly large at the collision impact deformation in 
case the strain rate is high. Thus, it has been found addtionally that the steel pipe having fine ferrite grains exhibits not 
35 only superior balance in ductility and strength, but also considerably improved collision impact resistance properties. 
[0018] The present invention, which enables a super fine granular steel pipe further reduced in grain size to 1 urn or 
less, provides a method tor producing steel comprising heating or soaking a base steel pipe having an outer diameter 
of ODi (mm) and having ferrite grains with an average crystal diameter of di (aim) in the cross section perpendicular to 
the longitudinal direction of the steel pipe, and then applying drawing at an average rolling temperature of 6m (°C) and 
40 a total reduction ratio Tred (%) to obtain a product pipe having an outer diameter of ODf (mm), 

wherein, said drawing comprises performing it in the temperature range of 400 °C or more but not more than the 
heating or soaking temperature, and in such a manner that said average crystal diameter of di (urn), said average rolling 
temperature of 6m (°C), and said total reduction ratio Tred (%) are in a relation satisfying equation (1) as follows: 

45 di £ (2.65 - 0.003 x em) x 10«° 008 * 8n * 3OO0O> * ™> (1) 

where, di represents the average crystal diameter of the base steel pipe (jim); em represents the average rolling tem- 
perature (°C) ( = (8 i + e f)/ 2 ; where e i is the temperature of starting rolling (°C), and e f is the temperature of finishing 
rolling (°C)) ; and Tred represents the total reduction ratio (%) ( - ODi - ODf) x 100 /ODi ; where. ODi is the outer diam- 

so eter of the base steel pipe (mm), and ODf is the outer diameter of the product pipe (mm)). In the present invention, the 
reducing is preferably performed in the temperature range of from 400 to 750°C. It is also preferred that the heating or 
soaking of the base steel pipe is performed at a temperature not higher than the AC3 transformation temperature, tt is 
further preferred that the heating or soaking of the base steel pipe is performed at a temperature in a range defined by 
(Ac!+50 o C) by taking the Ad transformation temperature as the reference temperature Furthermore, the drawing is 

ss preferably performed under lubrication. 

[001 9] Preferably, the reducing process is set as such that it comprises at least one pass having a reduction ratio per 
pass of 6 %. and that the cumulative reduction ratio is 60% or more. 

[0020] Furthermore, the method for producing super f ine granular steel pipe containing super fine grains having an 
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average grain size of 1 jim or less according to the present invention preferably utilizes a steel pipe containing 0.70 wt% 
or less of C as the base steel pipe, and it preferably a steel pipe containing by weight. 0.005 to 0.30% C. 0.01 to 3.0% 
Si, 0.01 to 2.0% Mn, 0.001 to 0.10% Al, and balance Fe with unavoidable impurities. In the present invention, further- 
more, the composition above may further contain at least one type selected from one or more groups selected from the 
5 groups A to C shown below: 

Group A: 1% or less of Cu, 2% or less of Ni, 2% or less of Cr, and 1% or less of Mo; 

Ooup B: 0.1% or less of Nb, 0.5% or less of V, 0.2% or less of Ti, and 0.005% or less of B; and 

Group C: 0.02% or less of REM and 0.01% or less of Ca. 

w 

[0021] Additionally, the present inventors have found that, by restricting the composition of the base steel pipe in a 
proper range, a steel pipe having high strength and toughness and yet having superior resistance against stress corro- 
sion cracks can be produced by employing the above method for producing steel pipes, and that such steel pipes can 
be employed advantageously as steel pipes for line pipes. 
is [0022] In order to improve the stress corrosion crack resistance properties, conventionally, steel pipes for use in line 
pipes have been subjected to hardness control comprising reducing the content of impurities such as S or controlling 
the alloy elements. However, such methods had limits in improving the strength, and had problems of increasing the 
cost 

[0023] By further restricting the composition of the base steel ppe to a proper range, and by applying reducing to the 
20 base steel pipe in the ferritic recrystallization region, fine ferrite grains and fine carbides can be dispersed as to realize 
a steel pipe with high strength and high toughness. At the same time, the alloy elements can be controlled as such to 
decrease the weld hardening, while suppressing the generation and development of cracks as to improve the stress 
corrosion crack resistance. 

[0024] That is, the present invention provides a steel pipe having excellent ductility and collision impact resistance. 

25 yet improved in stress corrosion crack resistance by applying drawing under conditions satisfying equation (1) to a base 
steel pipe containing, by weight, 0.005 to 0.10% C, 0.01 to 0.5% Si. 0.01 to 1 .8% Mn, 0.001 to 0.10% Al, and further 
containing at least, one or more types selected from the group consisting of 0.5% or less of Cu, 0.5% or less of Ni, 0.5% 
or less of Cr, and 0.5% or less of Mo; or furthermore one or more selected from the group consisting of 0.1% or less of 
Nb. 0.1% or less of in. 0.1 % or less of Ti, and 0.004% or less of B; or further additionally, one or more selected from the 

30 group consisting of 0.02% or less of REM and 0.01% or less of Ca; and balance Fe with unavoidable impurities. 

[0025] Furthermore, the present inventors have found that by restricting the composition of the base steel pipe in a 
further proper range, a steel pipe having high strength and toughness, and yet having superior fatigue resistant proper- 
ties can be produced by employing the above method for producing steel pipes, and that such steel pipes can be 
employed advantageously as high fatigue strength steel pipes. 

35 [0026] By restricting the composition of the base steel pipe to a proper range, and by applying drawing to the base 
steel pipe in the ferritic recovery and recrystallization region, fine ferrite grains and fine precipitates can be dispersed 
as to realize a steel pipe with high strength and high toughness. At the same time, the alloy elements can be controlled 
as such to decrease the weld hardening, while suppressing the generation and development of fatigue cracks as to 
improve the fatigue resistance properties. 

40 [0027] That is. the present invention provides a steel pipe having excellent ductility and collision impact resistance, 
yet improved in fatigue resistant properties by applying drawing under conditions satisfying equation (1) to a base steel 
pipe containing, by weight 0.06 to 0.30% C. 0.01 to 1 .5% Si. 0.01 to 2.0% Mn, 0.001 to 0. 10% Al. and balance Fe with 
unavoidable impurities. 

[0028] Additionally, it is possible to obtain a high strength steel pipe having excellent workability, characterized in that 
45 it has a composition containing, by weight, more than 0.30% to 0.70% C, 0.01 to 2.0% Si, 0.01 to 2.0% Mn. 0.001 to 
0. 1 0% Al. and balance Fe with unavoidable impurities, and a texture consisting of ferrite and a second phase other than 
ferrite accounting for more than 30 % in area ratio, with the cross section perpendicular to the longitudinal direction of 
the steel pipe containing super fine grains of said ferrite having an average crystal grain size of 2 jun or less; otherwise, 
with the cross section perpendicular to the longitudinal direction of the steel pipe containing super fine grains of said 
so ferrite having an average crystal grain size of 1 *un or less. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0029] 

55 

FIG. 1 is a graph showing the relation between elongation and tensile strength of the steel pipe; 

FIG. 2 is a graph showing the influence of tensile strain rate on the relation between the tensile strength and the 

grain size of ferrite crystals of the steel pipe; 



5 



EP0 924 312 A1 

FIG. 3 is the electron micrograph showing the metallic texture of the steel pipe obtained as an example according 
to the present invention ; 

FIQ. 4 is a schematically drawn diagram of an example of equipment line accord ng to a preferred embodiment of 
the present invention; 

5 FIQ. 5 is a schematically drawn diagram of an example of a production equipment for solid state pressure welded 

steel pipes and a production line lor continuous production according to a preferred embodiment of the present 
invention; 

FIQ. 6 is a graph showing the relation between the total reduction ratio and the average crystal grain size of the 
base steel pipe, which are the parameters that affect the size reduction of crystal grains of the product pipe; and 
w FIQ. 7 is a schematically drawn explanatory diagram showing the shape of the test specimen for use in sulfide 
stress corrosion crack resistance test. 



(Explanation of Symbols) 
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[0030] 




1 


Flat strip 




2 


Pre-heating furnace 




3 


Forming and jwor king apparatus 


20 


4 


Induction heating apparatus for pre-heating edges 




5 


Induction heating apparatus for heating edges 




6 


Squeeze roll 




7 


Open pipe 




8 


Base steel pipe 


25 


14 


Uncoiler 




15 


Joining apparatus 




16 


Product pipe 




17 


Looper 




18 


Cutter 


30 


19 


Pipe straightening apparatus 




20 


Thermometer 




21 


Reducing mill 




22 


Soaking furnace (seam cooling and pipe heating apparatus) 




23 


Descaling apparatus 


35 


24 


Quenching apparatus 




25 


Re-heating apparatus 




26 


Cooling apparatus 



BEST MODE FOR CARRYING OUT THE INVElsfTlON: 

40 

[0031] In the present invention, a steel pipe is used as the starting material. There is no particular limitation concern- 
ing the method for producing the base steel pipe. Thus, favorably employable is an electric resistance welded steel pipe 
(seam welded steel pipe) using electric resistance welding, a solid state pressure welded steel pipe obtained by heating 
the both edge portions of an open pipe to a temperature region of sold state pressure welding and effecting pressure 
45 welding, a forge welded steel pipe, or a seamless steel pipe obtained by using Mannesman n piercer. 

[0032] The chemical composition of the base steel pipe or product steel pipe is limited in accordance with the follow- 
ing reasons. C: 0.07% or less: 

[0033] Carbon is an element to increase the strength of steel by forming solid solution with the matrix or by precipi- 
tating as a carbide in the matrix. It also precipitates as a hard second phase in the form of fine cementite. martensite, 

so or bainite. and contrbutes in increasing ductility (uniform elongation). To achieve a desired strength and to obtain the 
effect of improved ductility by utilizing cementite and the like precipitated as the second phase, C must be present at a 
concentration of 0.005% or more, and preferably, 0.04% or more. Preferably, the concentration of C is in a range not 
more than 0.30%, and more preferably, 0.10% or less. In view of these requirements, the concentration of C is prefera- 
bly confined in a range of from 0.005 to 0.30%, and more preferably, in a range of from 0.04 to 0.30%. 

55 [0034] To improve the stress corrosion crack resistance of the steel pipe to make it suitable for use in line pipes, the 
concentration of C is preferably controlled to a range of 0.10% or less. If the concentration exceeds 0.10%, the stress 
corrosion crack resistance decreases due to the hardening of the welded portion. 

[0035] To improve the fatigue resistance properties of the steel pipe to make it suitable for use as a high fatigue 
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strength steel pipe, the concentration of C is preferably controlled to a range of from 0.06 to 0.30%. If the concentration 
is lower than 0.06%, the fatigue resistance properties decrease due to insufficiently low strength. 
[0036] To achieve a desired strength of 600 MPa or more, the concentration of C must exceed 0.30%. However, if C 
should be incorporated at a concentration exceeding 0.70%, the ductility is inversely impaired. Thus, the concentration 

5 of C should be in a range exceeding 0.30% but not more than 0.70%. Si: 0.01 to 3.0%: 

[0037] Silicon functions as a deoxidizing element, and it increases the strength of the steel by forming solid solution 
with the matrix. This effect is observed in case Si is added at a concentration of at 0.01% or more, preferably at 0.1% 
or more, but an addition in excess of 3.0% impairs ductility. In case of high strength steel pipe, the upper limit in con- 
centration is set at 2.0% by taking the problem of ductility into consideration. Thus, the concentration of Si is set in a 

io range of from 0.01 to 3.0%, or of from 0.01 to 2.0%. Preferably, however, the range is from 0.1 to 1.5%. 

[0038] To improve the stress corrosion crack resistance of the steel pipe to make it suitable for use in line pipes, the 
concentration of Si is preferably controlled to 0.5% or less. If the concentration exceeds 0.5%, the stress corrosion crack 
resistance decreases due to the hardening of the welded portion. 

[0039] To improve the fatigue resistance properties of the steel pipe to make it suitable for use as a high fatigue 
is strength steel pipe, the concentration of Si is preferably controlled to 1 .5% or less. rf the concentration exceeds 1 .5%, 
the fatigue resistance properties decrease due to the formation of inclusions. Mn: 0.01 to 2.0%: 
[0040] Manganese increases the strength of steel, and accelerates the precipitation of a second phase in the form of 
fine cementite, or martensite and bainite. If the concentration is less than 0.01%, not only it becomes impossible to 
a<*ieve-the-desired-Strength ; _but_also f ine.prectprtation of cementite or the precipitation .off n«tfensite_and bajnjte is 
20 impaired. If the addition should exceed 2.0%, the strength of the steel is excessively increased to inversely impair duc- 
tility. Thus, the concentration of Mn is limited in a range of from 0.01 to 2.0%. From the viewpoint of realizing balance 
strength and elongation, the concentration of Mn is preferably is in a range of from 0.2 to 1 .3%, and more preferably, in 
a range of from 0.6 to 1 .3%. 

[0041] To improve the stress corrosion crack resistance of the steel pipe to make it suitable for use in line pipes, the 
25 concentration of Mn is preferably controlled to 1 .8% or less. If the concentration exceeds 1 .8%. the stress corrosion 
crack resistance decreases due to the hardening of the welded portion. Al: 0.001 to 0.10%: 

[0042] Aluminum provides fine crystal grains. To obtain such fine crystal grains, Al should be added at a concentration 
of at least 0.001%. However, an addition in excess of 0.10% increases oxygen-containing inclusions which impair the 
clarity. Thus, the concentration of Al is set in a range of from 0.001 to 0.10%. and preferably, in a range of from 0.015 
30 to 0.06%. In addition to the basic steel composition above, at least one type of an alloy element selected from one or 
more groups of A to C below may be added. 

Group A: Cu: 1% or less, Ni: 2% or less, Cr: 2% or less, and Mo: 1% or less: 

Any element selected from the group of Cu, Ni, Cr, and Mo improves the quenching property of the steel, and 
as increase the strength. Thus, one or two or more elements can be added depending on the requirements. These 
elements lowers the transformation point and effectively generate fine grains of fenite or of second phase. How- 
ever, the upper limit for the concentration of Cu is set at 1%, because Cu incorporated in a large quantity impairs 
the hot workability. Ni increases not only the strength, but also toughness. However, the effect of Ni saturates at an 
addition in excess of 2%, and an addition in excess increases the cost. Hence, the upper concentration limit is set 
40 at 2%. The addition of Cr or Mo in large quantities not only impairs the weldabilrty, but also increases the total 
expense. Thus, their upper limits are set to 2% and 1%. respectively. 

Preferably, the concentration range for the elements in Group A is from 0.1 to 0.6% for Cu, from 0. 1 to 1 .0% for 
Ni, from 0.1 to 1 .5% for Cr, and from 0.05 to 0.5% for Mo. 

To make the steel pipes useful for line pipes by improving the resistance against stress corrosion cracks, the 
45 concentration of Cu, Ni, Cr, and Mo is each restricted to be 0.5% or lower. If any of them is added in large quantities 
as to exceed the concentration of 0.5%. hardening occurs on the welded portion as to degrade the stress corrosion 
crack resistance. 

Group B: Nb: 0.1% or less, in: 0.5% or less, Ti: 0.2% or less, and B: 0.005% or less: 

Any element of the group consisting of Nb, V, Ti. and B precipitates as a carbide, a nitride, or a carbonitride. 

so and contributes to the production of fine crystal grains and to a higher strength. In particular, for steel pipes which 
have joints and which are heated to high temperatures, these elements function effectively in producing fine crystal 
grains during heating for joining, or as precipitation nuclei tor ferrite during cooling. They are therefore effective in 
preventing hardening at joint portions. Thus, one or two or more elements can be added depending on the require- 
ments. However, since their addition in large quantities leads to the degradation in weldabilrty and toughness, the 

55 upper limits for the concentration of the elements are set as follows: 0. 1% for Nb; 0.5%, preferably 0.3% for in; 0.2% 
for Ti; and 0.005%, preferably 0.004% for B. More preferably, the concentration range for the elements in Group B 
is from 0.005 to 0.05% for Nb, 0.05 to 0. 1% for in. from 0.005 to 0. 10% for TI. and from 0.0005 to 0.002% for B. 
To make the steel pipes useful for fine pipes by improving the resistance against stress corrosion cracks, the 
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concentration of Nb, V, and Ti is each restricted to be 0.1% or lower, If any of them should be added in large quan- 
tities as to exceed the concentration of 0.1%, hardening occurs on the welded portion as to degrade the stress cor- 
rosion crack resistance. 

Group C: REM: 0.02% or less, and Ca: 0.01% or less: 

5 REM and calcium Ca control the shape of inclusions and improve the workability. Any element of this group 

precipitates as a sulfide, an oxide, or a sulfate, and prevents hardening from occurring on the joint portions of steel 
pipes. Thus, one or more elements can be added depending on the requirements. However, if the addition should 
exceed the limits of 0.02% for REM and 0.01% for Ca, too many inclusions form as to lower clarity and degradation 
in ductility occurs as a result It should be noted that an addition of less than 0.004% for REM, or an addition of less 

10 than 0.001% of Ca exhibits small effect. Hence, it is preferred that REM are added as such to give a concentration 
of 0.004% or more, and that Ca is added to 0.001 % or mora 

The base steel pipes and product steel pipes contain, in addition to the components described above, balance 
Fe with unavoidable impurities. Allowable as the unavoidable impurities are 0.010% or less of N, 0.006% or less of 
O. 0.025% or less of P, and 0.020% or less of S. 

is N: 0.010% or less: 

Ni is allowed to a concentration of 0.010%; a quantity necessary to be combined with Al to produce fine crystal 
grains. However, an incorporation thereof in excess of this limit impairs the ductility. Hence, it is preferred that the 
concentration of N is lowered to 0.010% or lower, and more preferably, the concentration thereof is controlled to be 
in a range.of from 0.002 to 0.006%. 
20 O: 0.006% or less: 

O impairs clarity by forming oxides. Their incorporation is not desirable, and its allowable limit is 0.006%. 
P: 0.025% or less: 

P is preferably not incorporated, because it impairs the toughness by segregation in grain boundaries. The 
allowable limit thereof is 0.025%. 
25 S: 0.020% or less: 

S is preferably not incorporated, because it increases sulfides and leads to the degradation of clarity. The 
allowable limit thereof is 0.020%. 

[0043] Description on the structure of the product pipes is given below. 

30 

1) The steel pipe according to the present invention has excellent ductility and collision impact resistance proper- 
ties, and comprises a texture based on ferrite grains having an average crystal diameter of 3 jim or less. 

If the size of the ferrite grains exceeds 3 fun, no apparent improvement can be obtained in ductility as well as 
in collision impact resistance properties, i.e.. the resistance properties against impact weight. Preferably, the aver- 
35 age crystal size of ferrite grains is 1 ^m or less. 

The average crystal diameter of the ferrite grains in the present invention is obtained by observation under an 
optical microscope or an electron microscope. More specifically, a cross section obtained by cutting the steel pipe 
perpendicular to the longitudinal direction thereof, and the observation was made on the etched surface using Nital 
etchant Thus, the diameter of the equivalent circle was obtained for 200 or more grains, and the average thereof 
40 was used as the representative value. 

The structure based on ferrite grains as referred in the present invention includes a structure containing solely 
ferrite and having no precipitation of a second phase, and a structure containing ferrite and a second phase other 
than ferrite. 

Mentioned as the second phase other than ferrite are martensite, bainite, and cementite, which may precipitate 
45 alone or as a composite of two or more thereof. The area ratio of the second phase should account for 30% or less. 
The second phase thus precipitated contributes to the increase in uniform elongation in case of deformation. Thus, 
it improves the ductility and the collision impact resistance properties. However, such an effect becomes less 
apparent if the area ratio of the second phase exceeds 30%. 

2) The high strength steel p'pe according to the present invention comprises a structure based on ferrite and a sec- 
so ond phase accounting for more than 30% in area ratio, and contains grains having an average crystal diameter of 

2 urn or less as observed on a cross section cut perpendicular to the longitudinal direction of the steel pipe. As the 
second phase other than ferrite. mentioned are martensite. bainite. and cementite. which may precipitate alone or 
as a composite of two or more thereof. The area ratio of the second phase should account for more than 30%. The 
second phase thus precipitated contributes to the increase in strength and in uniform elongation as to improve the 
55 strength and ductility. However, such an effect is small if the area ratio of the second phase is 30% or less. The area 
ratio of the second phase other than ferrite is therefore preferred to be more than 30% but not more than 60%. If 
the area ratio should exceed 60%. the ductility is impaired due to the coarsening of cementite grains. 
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[0044] (f the average crystal cfiameter should exceed 2 jim, distinct improvement in ductility is no longer observed, 
and hence, there is no apparent improvement in the workability. Preferably, the average grain diameter of ferrite is 1 jim 
or less. 

[0045] The average crystal grain diameter according to the present invention was obtained by observation under an 

s optica] microscope or an electron microscope. More specifically, a cross section obtained by cutting the steel pipe per- 
pendicular to the longitudinal direction thereof, and the observation was made on the etched surface using Nital etch- 
ant. Thus, the diameter of the equivalent circle was obtained for 200 or more grains, and the average thereof was used 
as the representative value. The grain diameter of the second phase is obtained by taking the boundary of pearlrte col- 
ony as the grain boundary in case pearlite is the second phase, and, by taking the packet boundary as the grain bound- 

10 ary in case bainite or martensite is the second phase. 

[0046] An example of the steel pipe accorcBng to the present invention is given in Fig. 3. 

[0047] The method of producing the steel pipe according to the present invention is described below. 

[0048] The base steel pipe of the composition described above is heated in a temperature range of Ac 3 to 400 °C, 

preferably, to a range of (Ac-, + 50 °C) to 400 °C. and more preferably, to a range of 750 to 400 *C. 

is [0049] If the heating temperature exceeds the AC3 transfbrmation point, not only degradation of the surface properties, 
but also the coarsening of crystal grains occurs. Accordingly, the heating temperature for the base steel pipe is prefer- 
ably set at a temperature not higher than the AC3 transformation point preferably, not higher than the (Ac.|+50 o C). and 
more preferably, not higher than 750 °C. On the other hand, if the heating temperature is lower than 400 °C. a favorable 
rolling temperature cannot be realized. Thus, the heating temperature is preferably not lower than 400 °C. 

20 [0050] Then, the heated base steel pipe is subjected to drawing. 

[0051] Although not limiting, drawing is preferably performed by using a three-roll type reducing mill. The reducing mill 
preferably comprises a plurality of stands, such that rolling is performed continuously. The number of stands can be 
determined depending on the size of the base steel pipe and the product steel pipe. 

[0052] The rolling temperature for reducing is in a range corresponding to the ferrite recovery and recrystatlization 
25 temperature range, i.e., from AC3 to 400 °C. but preferably, in a range of (Ac, ♦ 50 °C) to 400 °C, and more preferably, 
in a range of from 750 to 400 °C. If the rolling temperature should exceed the AC3 transfbrmation point, no super fine 
crystal grains would become available, and ductility does not increase as expected in the expense of decreasing 
strength. Thus, the rolling temperature is set at a temperature not higher than Ac 3 transformation point, preferably, at a 
temperature not higher than (Ac, + 50 °C). and more preferably, not higher than 750 °C. If the rolling temperature should 
30 be lower than 400 °C, on the other hand, the material becomes brittle due to blue shortness (brittieness), and may 
undergo breakage. 

[0053] Furthermore, at rolling temperatures lower than 400 °C, not only the deformation resistance of the material 
increases as to make the rolling difficult, but also the working strain tends to remain due to insufficient recovery and 
recrystallization of the material. Thus, the drawing is performed in a limited temperature range of from AC3 to 400 °C, 
35 preferably, in a range of (Ac t + 50 °C) to 400 °C, and more preferably, in a range of from 750 to 400 °C. Most preferably, 
the temperature range is from 600 to 700 *C. 

[0054] The cumulative reduction ratio in diameter during drawing is set at 20 % or higher. 

[0055] If the cumulative reduction ratio in diameter, which is equivalent to {[outer diameter of the base 
steel pipe) -(outer diameter of the product pipe)] /(outer diameter of the base steel pipe) x 100 }, should be lower 

40 than 20 %, the crystal grains subjected to recovery and recrystallization tend to be insufficiently reduced in siza Such 
a steel pipe cannot exhibit superior ductility. Furthermore, the production efficiency becomes low due to the low rate of 
pipe production. Accordingly, in the present invention, the cumulative reduction ratio in diameter is set at 20 % or higher. 
However, at a cumulative reduction ratio of 60% or higher, not only an increase in strength due to work hardening 
occurs, but also fine structure becomes prominent. Thus, even in a steel pipe having a component system containing 

45 the alloy elements at a lower concentration than the aforementioned composition range, well balanced strength and 
ductility can be imparted thereto. It can be understood therefrom that, more preferably, the cumulative reduction ratio in 
diameter is set at 60 % or higher. 

[0056] In performing drawing, it is preferred that the rolling comprises at least one pass having a diameter reduction 
ratio per pass of 6 % or higher. 

so [0057] H the diameter reduction ratio per pass during drawing should be set lower than 6 %. fine crystal grains which 
result from recovery and recrystallization processes tend to be insufficiently reduced in size. On the other hand, with a 
diameter reduction ratio per pass of 6 % or higher, an elevation in temperature occurs by the heat of working, which 
prevents the drop in temperature from occurring. Thus, the diameter reduction ratio per pass is preferably set at 8 % or 
higher, so that high effect is obtained in realizing finer crystal grains. 

55 [0058] The drawing process of the steel pipe according to the present invention realizes a rolling under biaxial strain, 
which is particularly effective in obtaining fine crystal grains. In contrast to this, the rolling of a steel sheet is under uniax- 
ial strain because free end is present in the direction of sheet width (i.e.. in the direction perpendicular to the rolling 
direction). Thus, the reduction in grain size becomes limited. 
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[0059] In the present invention, it is preferred that drawing is performed under lubricating conditions, By performing 
the drawing under lubrication, the strain distribution in the thickness direction becomes uniform that the distribution of 
crystal size distribution also becomes uniform in the thickness direction. If non-lubricating rolling should be performed, 
strain concentrates only on the surface layer portion of the material as to disturb the uniformity of the crystal grains in 

5 the thickness direction. The lubricating rolling can be carried out by using a rolling oil well known in the art, for instance, 
a mineral oil or a mineral oil mixed with a synthetic ester can be used without any limitations. 
[0060] After reducing, the steel material is cooled to room temperature. Cooling can be performed by using air cooling, 
but from the viewpoint of suppressing the grain growth as much as possible, any of the cooling methods known in the 
art. for instance, water cooling, mist cooling, or forced air cooling, is applicable. The cooling rate is 1 °C/sec or more. 

10 and preferably, 10 °C/sec or more. Furthermore, stepwise cooling such as holding in the midway of cooling, can be 
employed depending on the requirements on the properties of the product 

[0061 ] In the method according to the present invention, drawing as described below can be applied to the base steel 
pipe by stably maintaining the crystal grain diameter of the product pipe to 1 urn or less, or to 2 pun or less in case of a 
high strength steel pipe. 

is [0062] Let the average crystal grain diameter of the ferrite grains, or, of that inclusive of the second phase in case of 
a high strength steel pipe, be di (jim). as observed in the cross section cut perpendicular to the longitudinal direction of 
the steel pipe at an outer diameter of ODi (mm). The base steel pipe is then heated or soaked, and is subjected to draw- 
ing at an average rolling temperature of 6m (°C) and at a total reduction ratio in diameter of Tred (%) as to obtain a fin- 
ished product pipe having an outer diameter of ODf (mm). 

20 [0063] The reducing is preferably applied by using a plurality of pass rollers called a reducer. An example of an equip- 
ment line suitable for carrying out the present invention is shown in Fig. 4. In Fig. 4 is shown a rolling apparatus 21 com- 
prising a plurality of stands having a pass. The number of stands of the rolling mill is determined properly depending on 
the combination in the diameter of the base steel pipe and the product pipe. For the pass rolls, any type selected from 
the rolls well known in the art. for instance, two rolls, three rolls, or tour rolls, can be favorably applied. 

25 [0064] There is no particular limitation concerning the heating or soaking method, however, it is preferred that heating 
using a heating furnace or induction heating is employed. In particular, induction heating method is preferred from the 
viewpoint of high heating rate and of high productivity, or from the viewpoint of its ability of suppressing the growth of 
crystal grains. (In Fig. 4 is shown a re-heating apparatus 25 of an induction heating type.) The heating or soaking is per- 
formed at a temperature not higher than the AC3 transformation point corresponding to a temperature range at which 

30 no coarsening of crystal grain occurs, or, at a temperature not higher than (Ac t + 50 °C), by taking the Ac t transforma- 
tion point of the base steel pipe as the standard, or more preferably, in the temperature range of from 600 to 700 °C. In 
the present invention, as a matter of course, the product pipe results with fine crystal grains even if the heating or soak- 
ing of the base steel pipe should be performed at a temperature deviating from the temperature range above. 
[0065] In case the second phase in the texture of the base steel pipe is pearlite. layered cemerrtite incorporated in 

35 pearlite undergoes size reduction by separation by performing rolling in the temperature range above. Thus, the work- 
ability of the product pipe is improved because better elongation properties are acquired. Similarly, in case the second 
phase in the structure of the base steel pipe is bainite, the bainite undergoes recrystallization after working as to form 
a fine bainitic ferrite structure. Thus, the workability of the product pipe is improved because of the improved elongation 
properties. 

40 [0066] The reducing is performed at a temperature range of 400 °C or more but not more than the heating or soaking 
temperature. Preferably, the temperature is not higher than 750 °C. The temperature region over the A03 transformation 
point, or over (Ac t + 50 °C). or over 750 °C, corresponds to the ferrite -austenite two-phase region rich in austenite, or 
a single phase region of austenite. Thus, it is difficult to obtain a ferritic texture or a texture based on ferrite by working. 
Moreover, the effect of producing fine crystal grains by ferritic working cannot be fully exhibited. If drawing should be 

45 earned out at a temperature higher than 750 °C, ferrite grains grow considerably after recrystallization as to make it dif- 
ficult to obtain fine grains. In case drawing is performed at a temperature lower than 400 °C. on the other hand, difficul- 
ties are found in carrying out the drawing because the temperature range corresponds to the blue brittleness region, or 
ductility and toughness decrease because working stress tends to remain due to insufficient recrystallization. Thus, 
drawing temperature is set at a temperature not lower than 400 °C but not higher than the Ac 3 transformation point, or 

so at a temperature not higher than (Ac 1 + 50 °C). and preferably, at a temperature not higher than 750 °C. More preferably, 
the temperature range is from 560 to 720 °C, and most preferably, from 600 to 700 °C. 

[0067] The reducing is performed in the temperature range described above, and under the conditions satisfying 
equation (1 ), where cfi (jim) represents the average ferrite crystal diameter as observed in the cross section perpendic- 
ular to the longitudinal direction of the base steel pipe; 0m (°C) represents the average rolling temperature in the draw- 
55 ing; and Tred (%) represents the total reduction ratio. 

[0068] In case di, 6m, and Tred do not satisfy the relation expressed by equation (1 ), the ferrite crystals of the resulting 
product pipe cannot be micro-grained as such to yield an average diameter (diameter as observed in the cross section 
perpendicular to the longftucSnaJ direction of the steel pipe) of 1 pm or less. Similarly, the resulting high strength steel 



10 



EP0 924 312 A1 

pipe cannot yield micro-grains as such having an average diameter (diameter as observed in the cross section perpen- 
dicular to the longitudinal direction of the steel pipe) of 2 Mm or less. 

[0069] Product steel pipes differing in diameter were produced by rolling a JIS STKM 13A equivalent base steel pipe 
(having an ODi of 60.3 mm and a wall thickness of 3.5 mm) by using a rolling apparatus consisting of seriaJly connected 

5 22 stands of 4-rdl rolling mill, and under the conditions of an output speed is 200 m/min, an average rolling temperature 
of 550 or 700 °C. The influence of the total reduction ratio in diameter and the average crystal diameter of the base steel 
pipe on the crystal grain diameter of the finished product pipe Is shown in Fig. 6. The conditions shown by the hatched 
region satisfy the relation expressed by equation (1), and the base steel pipes with conditions falling in this region are 
capable of providing product pipes comprising crystal grains 1|unor less in diameter. 

10 [0070] After rolling, a product pipe 16 is preferably cooled to a temperature of 300 °C or lower. The cooling can be 
performed by air cooling, but with an aim to suppress the grain growth as much as possible, any of the cooling methods 
Known in the art. for instance, water cooling, mist cooling, or forced air cooling, can be applied by using a quenching 
apparatus 24. The cooling rate is 1 °C/sec or higher, and preferably, 10 °C/sec or higher. 

[0071] In the present invention, a cooling apparatus 26 may be installed on the input side of a rolling apparatus 21 , or 
is in the midway of the rolling apparatus21 to control the temperature. Furthermore, a descaling apparatus 23 maybe pro- 
vided on the input side of the rolling apparatus 21. 

[0072] The base steel pipe for use as the starting material in the present invention may be any steel pipe selected 
from a seamless steel pipe, a seam welded steel pipe, a forge welded steel pipe, a solid pressure welded steel pipe, 
and the like. Furthermore, the production line of the super f he g ranula r steel pipe according to the present inventipn 

20 may be connected to the production line for the base steel pipe described hereinbefore. An example of connecting the 
production line to the production line of the solid pressure welded steel pipe is shown in Fig. 5. 
[0073] A flat strip 1 output from an uncoiler 1 4 is connected to a preceding hoop by using a Joining apparatus 1 5, and 
after being preheated by a pre-heating furnace 2 via a looper 17, it is worked into an open pipe 7 by using a forming 
apparatus 3 composed of a plurality of forming rolls. The edge portion of the open pipe 7 thus obtained is heated to a 

25 temperature region tower than the fusion point by an edge preheating induction heating apparatus 4 and an edge heat- 
ing induction heating apparatus 5, and is butt welded by using a squeeze roll 6 to obtain a base steel pipe 8. 
[0074] Then, as described above, the base steel ppe 8 is heated or soaked to a predetermined temperature by using 
a soaking furnace 22. descaled by a descaling apparatus 23. rolled by using a rolling apparatus 21 , cut by a cutter, and 
straightened by a pipe straightening apparatus 1 9 to finally provide a product pipe 1 6. The temperature of the steel pjpe 

30 is measured by using a thermometer 20. 

[0075] Similarly in the case of drawing, as described above, rolling is preferably performed under lubrication. 
[0076] Thus, in accordance with the production method described above, a steel pipe consisting of super-fine ferrite 
grains 1^m or less in average crystal grain size as observed in the cross section cut perpendicular to the longitudinal 
direction of the steel material can be obtained. Furthermore, the production method above is effective in producing steel 

as pipes, such as seam welded steel pipes, forge welded steel pipes, solid pressure welded steel pipes, etc , having a uni- 
form hardness in the seam portion. 

[0077] It is also possible to produce, without performing an intermediate annealing, a high strength steel pipe having 
a texture comprising ferrite and a second phase other than ferrite accounting for more than 30 % in area ratio, and yet 
consisting of super-fine ferrite grains 2 jim or less in average crystal grain size as observed in the cross section cut per- 
40 pendicular to the longitudinal direction of the steel material. 

(EXAMPLE 1) 

[0078] Base steel pipes whose chemical composition is shown in Table 1 were each heated to temperatures given in 
45 Table 2 by using an induction heating coil. and. by using three-roll structure rolling mills, they were rolled under condi- 
tions shown in Table 2 to provide product pipes. In Table 2. a solid state pressure welded steel pipe was obtained by 
pre-heating a 2.6 mm thick hot rolled flat strip to 600 °C, continuously forming the resulting flat strip into an open pjpe 
by using a plurality of rolls, pre-heating the both edge portions of the open pipe to 1 ,000 °C by means of induction heat- 
ing, and further healing the both edge portions to the non-metting temperature region of 1 .450 °C by induction furnace, 
so at which the both ends were butted by using a squeeze roll, where solid phase pressure welding was carried out Thus 
was obtained a steel pipe 42.7 mm in diameter and 2.6 mm in thickness. On the other hand, a seamless steel pipe was 
produced by heating a continuously cast billet, followed by producing a pipe by using a Mannesmann mandrel type mill. 
[0079] Tensile properties, collision impact properties, and structure of the product pipes were investigated, and the 
results are given in Table 2. Tensile properties were measured on a JIS No. 1 1 test piece. Yield stress was obtained by 
55 taking the lower yield point in case the yield phenomenon is clearly observed, but 0.2 % PS was used for the other 
cases. 

[0080] For the value of elongation, a reduced value was obtained in accordance with the following equation by taking 
the size effect of the test piece into consideration: 
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fc/ = fc/Ox(v (ao/aj) 

(where, EfO represents the observed elongation, aO is a value equivalent to 292 mm 2 , and a represents the cross sec- 
tion area of the specimen (mm 2 )). 
5 [0081] The collision impact properties were obtained by performing high speed tensile tests at a strain rate of 2,000 
s' 1 . Then, the absorbed energy up to a strain of 30 % was obtained from the observed stress - strain curve to use as 
the collision impact absorption energy for evaluation. 

[0082] The collision impact property is represented by a deformation energy of a material at a strain rate of from 1 ,000 
to 2.000 s" 1 practically corresponding to the collision of an automobile, and is superior for a higher value- 
to [0083] From Table 2, it can be understood that the specimens falling in the scope of the present invention (Nos. 1 to 
16 and Nos. 19 to 22) exhibit excellent balance in ductility and strength. Moreover, high tensile strength is observed for 
these specimens having higher strain rate, and these specimens are also higji in collision impact absorption energy. On 
the other hand, the specimens falling out of the scope of claims according to the present invention, i.e., Comparative 
Examples No. 1 7. No. 18. and No. 23. suffer low values for either ductility or strength. These specimens suffer not only 
is poor balance in strength • ductility, but also low collision impact property. 

[0084] Comparative Example Nos. 1 7 and 1 8 furthermore yield a reduction ratio falling outside the range according 
to the present invention, show coarsening in ferrite grains, and suffer poor balance in strength - ductility and low collision 
impact absorption energy. 

20 (EXAMPLE 2) 

[0085] Base steel pipes whose chemical composition is shown in Table 3 were each heated to temperatures given in 
Table 4 by using an induction heating coil, and, by using three-roll structure rolling mills, they were rolled under condi- 
tions shown in Table 4 to provide product pipes. The base steel pipes were produced in the same procedure as that 
25 described in Example 1 . 

[0086] Tensile properties, collision impact properties, and structure of the product pipes were investigated in the same 
manner as in the Example, and the results are given in Table 4. 

[0087] From Table 4. it can be understood that the specimens falling in the scope of the present invention (Nos. 2-1 
to 2-3. Nos. 2-6 to 2-8. and Nos. 2-10 to Nos. 2-14) exhibit excellent balance in ductility and strength. Moreover, high 

so tensile strength is observed for these specimens with higher strain rate, and these specimens are also high in collision 
impact absorption energy. On the other hand, the specimens falling out of the scope according to the present invention, 
i.e., Comparative Examples No. 2-4. No. 2-5. and No. 2-9, suffer low values for either ductility or strength. These spec- 
imens suffer not only poor balance in strength - ductility, but also low collision impact property. 
[0088] The present invention provides steel pipes having not only a never achieved good balance in ductility and 

35 strength, but also excellent collision impact resistance properties. Furthermore, the steel pipes according to the present 
invention exhibit superior properties in secondary working, for instance, bulging such as hydroforming. and are there- 
fore suitable for use in bulging. 

[0089] Among the steel pipes according to the present invention, the welded steel pipes (seam welded steel pipes) 
and the solid phase pressure welded steel ppes subjected to seam cooling yield a hardened seam portion having a 
40 hardness at the same level as that of the mother pipe after roiling, and show further distinguished improvement in bulg- 
ing. 

(EXAMPLE 3) 

45 [0090] Base steel pipes whose chemical composition is shown in Table 5 were each heated to temperatures given in 
Table 6 by using an induction heating coil. and. by using three-roll structure rolling mills, they were rolled under condi- 
tions shown in Table 6 to provide product pipes. The base steel pipes 1 10 mm in diameter and 4.5 mm in thickness were 
produced from hot rolled sheet steel produced by controlled rolling and controlled cooling. 

[0091] Tensile properties, collision impact properties, the structure of the product pipes, and sulfide stress corrosion 
so crack resistance were investigated, and the results are given in Table 6. Similar to Example 1, tensile properties were 
measured on a JIS No. 1 1 test piece For the elongation, a reduced value was obtained in accordance with the following 
equation by taking the size effect of the test piece into consideration: El = B0 x (V (aOVa) ) °: 4 (where. EiO represents 
the observed elongation, aO is a value equivalent to 292 mm 2 , and a represents the cross section area of the specimen 
(mm 2 )). 

55 [0092] Similar to Example 1 again, the collision impact properties were obtained by performing high speed tensile 
tests at a strain rate of 2,000 s* 1 . Then, the absorbed energy up to a strain of 30 % was obtained from the observed 
stress - strain curve to use as the collision impact absorption energy for evaluation. 

[0093] The collision impact property is represented by a deformation energy of a material at a strain rate of from 1 ,000 
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to 2,000 s' 1 practically corresponding to the collision of an automobile, and is superior for a higher value. 
[0094] The sulfide stress corrosion crack resistance was evaluated on a C-ring test specimen shown in Fig. 7. Thus, 
a tensile stress corresponding to 1 20 % of the yield strength was applied to the specimen in an N ACE bath (containing 
0.5 % acetic acid and 5 % brine water, saturated with H 2 S, and at a temperature of 25 °C and a pressure of 1 atm) to 
5 investigate whether cracks generated or not during a test period of 200 hr. The C-ring specimens were cut out from the 
mother body of the product tube in the T direction (the circumferential direction). The test was performed on 2 pieces 
each under the same condition. 

[0095] From Table 6, it can be understood that the specimens falling in the scope of the present invention (Nos. 3-1 
to 3-3. Nos. 3-5 to 3-8. No. 3-1 0. and Na 3-1 2) exhibit excellent balance in ductility and strength. Moreover, high tensile 

w strength is observed fey these specimens having higher strain rate, and these specimens are also high in collision 
impact absorption energy. Furthermore, they have excellent resistance against sulfide stress corrosion cracks, and are 
therefore superior when used in line pipes. On the other hand, the specimens falling out of the scope according to the 
present invention, i.e.. Comparative Examples No. 3-4, No. 3-9, and Na 3-11, suffer low values for either ductility or 
strength. These specimens suffer not only poor balance in strength - ductility, but also low collision impact property. Fur- 

15 the- more, breakage was found to occur on these specimens in the NACE bath, showing degradation in sulfide stress 
corrosion crack resistance. 

[0096] Comparative Example No. 3-4 yields a reduction ratio falling outside the range according to the present inven- 
tion, shows coarsening in ferrite grains, suffers poor balance in strength - ductility and low collision impact absorption 
energy, and exhibits an impaired sulfide stress corrosion crack resistance. 
20 [0097] Comparative Example No. 3-9 and No. 3-11 are product at a rolling temperature falling out of the range 
according to the present invention. Hence, they show coarsening in ferrite grains, suffer poor balance in strength - duc- 
tility and low collision impact absorption energy, and exhtoft impaired sulfide stress corrosion crack resistance. 

(EXAMPLE 4) 

[0098] Base steel pipes whose chemical composition is shown in Table 7 were each heated to temperatures given in 
Table 8 by using an induction heating ooil. and. by using three-roll structure roiling mills, they were rolled under condi- 
tions shown in Table 8 to provide product pipes. The base steel pipes for use in the present example were produced by 
first forming a hot rolled hoop using a plurality of forming rolls to obtain open pipes. Then, seam welded steel pipes 110 
mm in diameter and 2.0 mm in thickness were produced by welding the both edges of each of the resulting open pipes 
using induction heating. Otherwise, seamless pipes 110 mm in diameter and 3.0 mm in thickness were produced by 
heating the continuously cast billets, and then producing pipes therefrom by using a Mannesmann mandrel type mill. 
[0099] Tensile properties, collision impact properties, the structure, and the fatigue resistance properties of the prod- 
uct pipes were investigated, and the results are given in Table 8. Tensile properties, collision impact properties, and the 
structure were evaluated in the same manner as in Example 1. For the fatigue properties, the product pipes were used 
as they are for the test specimens, to which cantilever type oscillation fatigue test was performed (oscillation speed: 20 
Hz). Thus, fatigue strength was obtained. 

[0100] From Table 8, it can be understood that the specimens falling in the scope the present invention (No. 4-1 , No. 
4-3. and Nos. 4-6 to 4-9) exhfoit excellent balance in ductility and strength. Moreover, high tensile strength is observed 
for these specimens with higher strain rate, and these specimens are also high in collision impact absorption energy. 
Furthermore, they yield excellent fatigue resistance properties suitable for use as high fatigue strength steel pipes. On 
the other hand, the specimens falling out of the scope of claims according to the present invention, i.e.. Comparative 
Examples No. 4-2, No. 4-4, and Na 4-5, suffer low values for fatigue strength. 

[0101] Comparative Example No. 4-2 is produced without applying the rolling according to the present invention. 
Comparative Example No. 4-5 of yields a reduction ratio falling out of the claimed range, and Comparative Example No. 
4-4 is rolled at a temperature range out of the claimed range. Hence, they show coarsening in ferrite grains, suffer poor 
balance in strength - ductility and low collision impact absorption energy, and exhibit impaired fatigue resistance prop- 
erties. 

so (EXAMPLE 5) 

[0102] A starting steel material A1 whose chemical composition is shown in Table 9 was hot rolled to provide a 4.5 
mm thick flat strip. By using the production line shown in Fig. 5. the flat strp 1 was preheated to 600 °C in a preheating 
furnace 2, and was continuously formed into an open pipe by using a forming apparatus 3 composed of a plurality of 
ss groups of forming rolls. The edge portions of each of the open pipes 7 thus obtained were heated to 1,000 °C by an 
edge preheating induction heating apparatus 4, and were then heated to 1 ,450 °C by using an edge heating induction 
heating apparatus 5, where they were butted and solid phase pressure welded by using squeeze rolls 6 to obtain base 
steel pipes 8 having a diameter of 88.0 mm and a thickness of 4.5 mm. 
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[0103] Then, each of the base steel ppes was subjected to seam cooling, and was heated or soaked to a predeter- 
mined temperature shown in Table 10 by using a pipe heating apparatus 22, and a product pipe having the predeter- 
mined outer diameter was produced therefrom by using a rolling apparatus 21 composed of a plurality of three-roil 
structured rolling mill. The number of stands was varied depending on the outer diameter of the product pipe; i.e., 6 
5 stands were used for a product pipe having an outer diameter of 60.3 mm, whereas 1 6 stands were used for those hav- 
ing an outer diameter of 42.7 mm. 

(0104] In the rolling step above, the product pipe of No. 5-2 was subjected to lubrication rolling by using a rolling oil 
based on mineral oil mixed with a synthetic ester. 
[0105] The product pipes were air cooled after rolling. 

10 [0106] Crystal grain diameter, tensile properties, and impact resistance properties were investigated for each of the 
product pipes thus obtained, and the results are given in Table 10. The crystal grain diameter was obtained by micro- 
scopic observation under a magnification of 5,000 times of at least 5 vision fields taken on a cross section (C cross sec- 
tion) perpendicular to the longitudinal direction of the steel pipe, thus measuring the average crystal grain diameter of 
ferrite grains. Tensile properties were measured on a JIS No. 1 1 test piece. For the elongation, a reduced value was 

is obtained in accordance with the following equation by taking the size effect of the test piece into consideration: 
El - EI0 x ( >/ (aOla) ) 0 4 (where. EfO represents the observed elongation, aO is a value equivalent to 100 mm 2 , and 
a represents the cross section area of the specimen (mm 2 )). Impact properties (toughness) were evaluated by subject- 
ing the actual pipe to Charpy impact tests, and by using the ductile rupture ratio in C cross section at a temperature of 
-1 50 °C. Charpy impact test on an actual pipe was performed by applying impact to an actual pjpe V- notched for 2 mm 

20 in a direction perpendicular to the longitudinal direction of the pipe, and the ratio of ductile rupture was obtained there- 
from. 

[01 07] From Table 1 0. it can be understood that the specimens falling in the scope of the present invention (No. 5-2. 
Nos. 5-4 to 5-7, Nos. 5-9 to 5-1 1 . and No. 5-1 3) consist of fine ferrite grains 1 jun or less in average crystal olameter, 
have high elongation and toughness, and exhibit excellent balance in strength, toughness, and ductility. In case of spec- 
25 imen No. 5-2 subjected to lubrication rolling, small fluctuation was observed in crystal grains along the direction of pipe 
thickness. On the other hand, the specimens falling out of the scope according to the present invention, i.a, the Com- 
parative Examples (No. 5-1 . No. 5-3. No. 5-8. and No. 5-12), exhibit coarsened crystal grains and suffer degradation in 
ductility and toughness, h has been found that the texture of the product pipes falling in the scope of claims of the 
present invention consists of ferrite and pearl ite grains, ferrite and cementite grains, or ferrite and bainite grains. 

30 

(EXAMPLE 6) 

[0108] A steel material B1 whose chemical composition is shown in Table 9 was molten in a converter, and billets 
were formed therefrom by continuous casting. The resulting billets were heated, and seamless pipes 1 10.0 mm in diam- 

35 eter and 6.0 mm in thickness were obtained therefrom by using a Mannesmann mandrel type mill. The seamless pipes 
thus obtained were re-heated to temperatures shown in Table 1 1 by using induction heating coils, and product pipes 
having the outer diameter shown in Table 1 1 were produced therefrom by using a three-roll structured rolling mil). The 
number of stands was varied depending on the outer diameter of the product pipe; i.a , 18 stands were used for a prod- 
uct pipe having an outer diameter of 60.3 mm, 20 stands were used for a product pipe 42.7 mm in diameter, 24 stands 

40 were used for a product pipe 31 .8 mm in diameter, and 28 stands were used for those having an outer diameter of 25.4 
mm. 

[0109] The characteristic properties of the product pipes were each investigated and are shown in Table 11. Thus, 
investigations were made in the same manner as in Example 5 on the structure, crystal grain size, tensile properties, 
and toughness. 

45 [01 1 0] From Table 1 1 . it can be understood that the specimens falling in the scope of the present invention (No. 6-1 . 
No. 6-3. No. 6-6. No. 6-7. and No. 6-9) consist of fine ferrite grains 1 um or less in average crystal diameter, have high 
elongation and toughness, and exhtoit excellent balance in strength, toughness, and ductility. On the other hand, the 
specimens falling out of the scope according to the present invention, i.e., the Comparative Examples (No. 6-2, No. 6- 
4, No. 6-5, and No. 6-8), exhibit coarsened crystal grains and suffer degradation in ductility and toughness. 

so [0111] It has been found that the texture of the product pipes falling in the scope of claims of the present invention 
consists of ferrite and peartite grains, ferrite and cementite grains, or ferrite and bainite grains. 

(EXAMPLE 7) 

55 [0112] Starting steel materials whose chemical composition is shown in Table 12 were each heated to temperatures 
given in Table 13 by using an induction heating coil, and, by using three-roll structure rolling mills, they were rolled under 
conditions shown in Table 13 to provide product pipes. The number of stands was varied depending on the type of the 
pipe; i.e., 24 stands were used for seamless pipes, whereas 16 stands were used for solid phase pressure welded pipes 
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and seam welded pipes. 

[01 1 3] In Table 1 3, a solid state pressure welded steel pipe was obtained by pf e-heating a 2.3 mm thick hot rolled flat 
strip to 600 °C, continuously forming the resulting flat strip into an open pipe by using a plurality of rolls, pre-heating the 
both edge portions of the open pipe to 1,000 °C by means of induction heating, further heating the both edge portions 
5 by induction furnace to a temperature of 1 ,450°C, i.e., to a temperature below the melting, at which the both ends were 
butted by using a squeeze roil, and carrying out solid phase pressure welding. Thus was obtained the steel pipes having 
the predetermined outer diameter. On the other hand, seamless steel pipes were produced by heating a continuously 
cast billet, and producing therefrom the seamless pipes 1 10.0 mm in diameter and 4.5 mm in thickness by using a Man- 
nesmann mandrel type mill. 

10 [0114] The characteristic properties of the product pipes were each investigated and are shown in Table 13. Thus, 
investigations were made in the same manner as in Example 1 on the structure, crystal grain size, tensile properties, 
and toughness. 

[01 15] From Table 13, it can be understood that the specimens falling in the scope of the present invention consist of 
fine ferrite grains 1 urn or less in average crystal diameter, have high elongation and toughness, and exhbit excellent 
15 balance in strength, toughness, and ductility. It has been found that the structure of the product pipes falling in the scope 
of claims of the present invention consists of ferrite and pearlrte grains, or of ferrite, pearlite. and bainite grains, or of 
ferrite and cementite grains, or of ferrite and martensite grains. 

(EXAMPLE 8) 

20 

[01 1 6] Each of the starting steel materials whose chemical composition is shown in Table 1 4 was hot rolled to provide 
a 4.5 mm thick flat strip. By using the production line shown in Fig. 5. the flat strip 1 was preheated to 600 °C in a pre- 
heating furnace 2, and was continuously formed into an open pipe by using a forming apparatus 3 composed of a plu- 
rality of groups of forming rolls. The edge portions of each of the open pipes 7 thus obtained were heated to 1 .000 °C 
25 by an edge preheating induction heating apparatus 4. and were then heated to 1,450 °C by using an edge heating 
induction heating apparatus 5, where they were butted and solid phase pressure welded by using squeeze rolls 6 to 
obtain base steel pipes 8 having a diameter of 1 10.0 mm and a thickness of 4.5 mm. 

[01 17] Then, each of the base steel pipes was subjected to seam cooling, and was heated or soaked to a predeter- 
mined temperature shown in Table 15 by using a pipe heating apparatus 22, and a product pipe having the predeter- 
$0 mined outer diameter was produced therefrom by using a rolling apparatus 21 composed of a plurality of three-roll 
structured rolling mill. The number of stands was varied depend ng on the outer diameter of the product pipe; i.e.. 6 
stands were used for a product pipe having an outer diameter of 60.3 mm. whereas 16 stands were used for those hav- 
ing an outer diameter of 42.7 mm. 

[01 18] In the rolling step above, the product pipe of No. 1-2 was subjected to lubrication rolling by using a rolling oil 
35 based on mineral oil mixed with a synthetic ester. 

[01 1 9] The product pipes were air cooled after rolling. 

[0120] Crystal grain diameter and tensile properties were investigated for each of the product pipes thus obtained, 
and the results are given in Table 15. The crystal grain diameter was obtained by microscopic observation inder a mag- 
nification of 5,000 times of at least 5 vision fields taken on a cross section (C cross section) perpendicular to the longi- 
40 tucfinal direction of the steel pipe, thus measuring the average crystal grain diameter of ferrite grains. Tensile properties 
were measured on a JIS No. 1 1 test piece. For the elongation, a reduced value was obtained in accordance with the 
following equation by taking the size effect of the test piece into consideration: El = EI0 x ( V {aOla) ) 0 4 (where. EfO 
represents the observed elongation, aO is a value equivalent to 100 mm 2 , and a represents the cross section area of 
the specimen (mm 2 )). 

45 [0121 ] From Table 15, it can be understood that the specimens falling in the scope of the present invention (No. 1-2, 
Nos. 1-4 to 1 -7, and No. 1-10) consist of fine grains 2 um or less in average crystal diameter, have high elongation and 
toughness, yield a tensile strength of 600 MPa or higher, and exhbit excellent balance in strength, toughness, and duc- 
tility. 

[0122] In case of specimen No. 1-2 subjected to lubrication rolling, small fluctuation was observed in crystal grains 
so along the direction of pipe thickness. On the other hand, the specimens falling out of the scope according to the present 
invention, i.e., the Comparative Examples (No. 1 -1 , No. 1 -3, No 1 -8, and No. 1 -9), exhibit coarsened crystal grains and 
suffer degradation in ductility. 

[0123] It has been found that the texture of the product pipes falling in the scope of claims of the present invention 
comprises ferrite, and cementite which accounts for more than 30 % in area ratio as a second phase. 

55 

(EXAMPLE 9) 

[0124] Each of the base steel pipes whose chemical composition is shown in Table 16 was re-heated by an induction 



15 



EP 0 924 312 A1 



heating coil to temperatures shown in Table 17, and product pipes each having the outer diameter shown in Table 17 
were each obtained therefrom by using a three-roll structure rolling mill apparatus. The number of stands used in the 
rolling mill was 16. 

[0125] The characteristic properties of the product pipes were each investigated and are shown in Table 1 7. Thus, 
5 investigations were made in the same manner as in Example 8 on the texture, crystal grain size, and tensile properties. 
[01261 From Table 17, it can be understood that the specimens (Nos. 2-1 to 2-6) falling in the scope of the present 
invention consist of fine ferrite grains 2 urn or less in average crystaJ diameter, yield a tensile strength of 600 MPa or 
higher, have high elongation, and exhibit excellent balance in strength and ductility. On the other hand, the specimens 
falling out of the scope according to the present invention, i.e.. the Comparative Examples (No. 2-7 and Na 2-8). exhtoit 
io coarsened crystal grains and suffer degradation in strength that a targeted tensile strength is not obtained. 

[0127] It has been found that the texture of the product pipes falling in the scope of the present invention comprises 
ferrite, and a second phase containing pear lite, cementite, bainite, or martensite. which accounts far more than 30 % in 
area ratio. 

[01 28] As described above, the present invention provides high strength steeJ pipes considerably improved in balance 
15 of ductility and strength. Moreover, the steel pipes according to the present invention exhibit superior properties in sec- 
ondary working, for instance, bulging such as hydroforming. Hence, they are particularly suitable for use in bulging. 
[01 29] Among the steel pipes according to the present invention, the welded steel pipes and the solid state pressure 
welded steel pipes subjected to seam cooling yield a hardened seam portion having a hardness at the same level as 
that of the mother pipe after rolling, and show further distinguished improvement in bulging. 

20 
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Applicability in Industry: 

[01 30] I" accordance with the present invention, high strength steel pipes having excellent ductility and impact resist- 
ance properties can be obtained with high productivity and by a simple process. Thus, the present invention extends 
the application field of steel pipes and is therefore particularly effective in the industry. Furthermore, the present inven- 
tion reduces the use of alloy elements and enables low cost production of high-strength high-ductility steel pipes 
improved in fatigue resistance properties, or high-strength high-toughness steel pipes for use in line pipes improved in 
stress corrosion crack resistance. Moreover, a high strength steel material containing superfine crystal grains 1 urn or 
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less in size is produced with superior in toughness and ductility, thereby expanding the use of steel materials. 
[01 31 ] AJso available easily and without applying intermediate annealing is a steel material containing super fine crys- 
tal grains 2 jun or less in size, which yields a tensile strength of 600 MPa or more, and excellent toughness and ductility. 

5 Claims 

1 . A method for producing a steel pipe which comprises heating or soaking a base steel pipe having an outer diameter 
of ODi (mm) and having ferrite grains with an average crystaJ diameter of di &im) in the cross section perpendicular 
to the longitudinal direction of the steel pipe, followed by applying reducing at an average rolling temperature of Dm 
w (°C) and a total reduction ratio Tred (%) to obtain a product pipe having an outer diameter of ODf (mm), 

said reducing comprises performing it in the temperature range of 400 °C or more but not more than the heat- 
ing or soaking temperature, and in such a manner that said average crystal diameter of di (fun), said average 
rolling temperature of 6m ( °C). and said total reduction ratio T red (%) are in a relation satisfying equation (1) 
15 as follows: 

di £ (2.65 - 0.003 x 6m) x 10 1(0 008 * 9m * 0000) x ™» (1) 

where, di represents the average crystal diameter of the base steel pipe (pm); 6m represents the average roll- 
20 ing temperature (°C) ( = (6 i + e f ) / 2 . where 0 i is the temperature of starting rolling (°C), and 6 f is the tem- 

perature of finishing rolling (°C)); and T red represents the total reduction ratio (%) ( = ODi - ODf) x 1 00 / ODi , 
where ODi is the outer diameter of the base steel pipe (mm), and ODf is the outer diameter of the product pipe 
(mm)). 

25 2. The method for producing a steel pipe as claimed in Claim 1 . wherein the cross section perpencficular to the longi- 
tudinal direction of the steel pipe after reducing contains super fine grains of ferrite having an average crystal grain 
size of 1 urn or less. 

3. The method for producing a steel pipe as claimed in Claim 1 , wherein the structure of the steel pipe after reducing 
30 consists of ferrite alone or ferrite together with a second phase other than ferrite accounting for 30 % or less in area 

ratio, and the cross section perpendicular to the longitudinal direction of the steel pipe after reducing contains super 
fine grains of said ferrite having an average crystal grain size of 3 um or less. 

4. The method for producing a steel pipe as claimed in Claim 1 , wherein the structure of the steel pipe after reducing 
35 consists of ferrite alone or ferrite together with a second phase other than ferrite accounting for 30 % or less in area 

ratio, and the cross section perpendicular to the longitudinal direction of the steel pipe after reducing contains super 
fine grains of said ferrite having an average crystal grain size of 1 um or less. 

5. The method for producing a steel pipe as claimed in Claim 1 , wherein the structure of the steel pipe after reducing 
40 consists of ferrite together with a second phase other than ferrite accounting for more than 30 % in area ratio, and 

the cross section perpendicular to the longitudinal direction of the steel pipe after drawing contains super fine 
grains of said ferrite having an average crystal grain size of 2 um or less. 

6. The method for producing a steel pipe as claimed in Claim 1 , wherein the structure of the steel pipe after reducing 
45 consists of ferrite together with a second phase other than ferrite accounting for more than 30 % in area ratio, and 

the cross section perpendicular to the longitudinal direction of the steel pipe after drawing contains super fine 
grains of said ferrite having an average crystal grain size of 1 ^m or less. 

7. The method tor producing a steel pipe as claimed in any one of Claims 1 to 6 wherein, drawing is performed in a 
so temperature range of from AC3 transformation point to 400 °C. 

8. The method for producing a steel pipe as claimed in any one of Claims 1 to 6 wherein, the method comprises heat- 
ing the base steel pipe in the temperature range of from Ac 3 transformation point to 400 °C before reducing, and 
then performing reducing in a temperature range of from AC3 transformation point to 400 °C. 

55 

9. The method for producing a steel pipe as claimed in any one of Claims 1 to 6 wherein, the method comprises heat- 
ing the base steel pipe in the temperature range of from 400 °C to 750 °C before reducing, and then performing 
reducing in a temperature range of 400 °C to 750 °C. 
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10. The method for producing a steel pipe as claimed in any one of Claims 1 to 6, wherein the reducing is performed 
under lubrication. 

11. The method for producing a steel pipe as claimed in any one of Claims 1 to 6, wherein the method comprises at 
5 least one rolling pass with a reduction ratio per pass of 6 % or more. 

12. The method for producing a steel pipe as claimed in any one of Claims 1 to 6. wherein the cumulative reduction 
ratio in drawing is 60 % or mora 

io 13. The method for producing a steel pipe as claimed in any one of Claims 1 to 6, wherein the reducing is performed 
on a base steel pipe containing, by weight, 0.005 to 0.30% C, 0.01 to 3.0% Si, 0.01 to 2.0% Mn. 0.001 to 0. 10% Al. 
and balance Fe with unavoidable impurities. 

14. The method for producing a steel pipe as claimed in any one of Claims 1 to 6. wherein the drawing is performed on 
15 a base steel pipe containing, by weight 0.005 to 0.30% C, 0.01 to 3.0% Si. 0.01 to 2.0% Mn, 0.001 to 0.10% Al. 

and further containing at least one or more types selected from the group consisting of 0.5% or less of Cu, 0.5% 
or less of Ni. 0.5% or less of Cr, and 0.5% or less of Mo; or furthermore one or more selected from the group con- 
sisting of 0.1% or less of Nb. 0.1% or less of V, 0.1% or less of Ti, and 0.004% or less of B; or further additionally, 
one or more selected from the group consisting of 0.02% or less of REM and 0.01% or less of Ca; and balance Fe 
20 with unavoidable impurities. 

15. The method for producing a steel pipe as claimed in any one of Claims 1 to 6 the wherein, drawing is performed on 
a base steel pipe containing, by weight more than 0.30% to 0.70% C. 0.01 to 2.0% Si. 0.01 to 2.0% Mn. 0.001 to 
0.10% Al. and balance Fe with unavoidable impurities. 

25 

16. The method for producing a steel pipe as claimed in any one of Claims 1 to 6, wherein the drawing is performed on 
a base steel pipe containing ^/ weig ht more than 0.30% to 0.70% C. 0.01 to 2.0% Si. 0.01 to 2.0% Mn, 0.001 to 
0.10% Al, and further containing at ieastTone or more types selected from the group consisting of 0.5% or less of 
Cu, 0.5% or less of NiNQ jj% or less of Cr^ add 0.5% or less of Mo; or furthermore one or more selected from the 

30 group consisting of 0.1% or less of Nfo, 0.1% or less of V. 0.1% or less of Ti, and 0.004% or less of B; or further 
additionally, one or more selected from the group consisting of 0.02% or less of REM and 0.01% or less of Ca; and 
balance Fe with unavoidable impurities. 

17. A superfine granular steel pipe having a composition containing, by weight, 0.005 to 0.30% C, 0.01 to 3.0% Si, 0.01 
35 to 2.0% Mn, 0.001 to 0.10% Al, and balance Fe with unavoidable impurities, which is produced in a method for pro- 
ducing a steel pipe, comprising heating or soaking a base steel pipe having an outer diameter of ODi (mm) and 
having ferrrte grains with an average crystal diameter of di (ujn) in the cross section perpendicular to the longitudi- 
nal direction of the steel pipe, and then applying reducing at an average rolling temperature of 6m (°C) and a total 
reduction ratio Tred (%) to obtain a product pipe having an outer diameter of ODf (mm). 

40 wherein, said reducing comprises performing it in the temperature range of 400 °C or more but not more 

than the heating or soaking temperature, and in such a manner that said average crystal diameter of di ftim), said 
average rolling temperature of 6m (°C). and said total reduction ratio Tred (%) are in a relation satisfying equation 
(1) as follows: 

45 di £ (2.65 - 0.003 x 0m) x 10 U ° 008 + 8m/50000) * (1) 

where, di represents the average crystal diameter of the base steel pipe Gun); 6m represents the average rolling 
temperature (°C) ( = (6 i + 6 f) /2 , where 6 i is the temperature of starting rolling (°C), and e f is the temperature 
of finishing rolling ( C C)); and T red represents the total reduction ratio (%) ( = ODi - ODf) x 100 / ODi , where. ODi 
50 is the outer diameter of the base steel pipe (mm), and ODf is the outer diameter of the product pipe (mm)). 

18. The super fine granular steel pipe as claimed in Claim 17. wherein the compositional system of the steel pipe is 
such containing, by weight 0.005 to 0.10% C, 0.01 to 0.5% Si, 0.01 to 1.8% Mn, 0.001 to 0.10% Al, and balance 
Fe with unavoidable impurities. 
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19. The super fine granular steel pipe as claimed in Claim 17, wherein the compositional system of the steel pipe is 
such containing, by weight. 0.06 to 0.30% C. 0.01 to 1.5% Si, 0.01 to 2.0% Mn, 0.001 to 0.10% Al, and balance Fe 
with unavoidable impurities. 
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20. The super fine granular steel pipe as claimed in any one of Claims 17 to 19. wherein the cross section perpendic- 
ular to the longitudinal direction of the steel pipe after reducing contains super fine grains of said ferrite having an 
average crystal grain size of 1 urn or less. 

5 21 . The super fine granular steel pipe as clamed in any one of Claims 17 to 19, wherein the structure of the steel ppe 
after reducing consists of ferrite alone or ferrite together with a second phase other than ferrite accounting for 30 
% or less in area ratio, and the cross section perpendicular to the longitudinal direction of the steel pipe after reduc- 
ing contains super fine grains of said ferrite having an average crystal grain size of 3 um or less. 

io 22. The super fine granular steel pipe as claimed in any one of Claims 1 7 to 1 9, wherein the structure of the steel ppe 
after drawing consists of ferrite alone or ferrite together with a second phase other than ferrite accounting for 30 % 
or less in area ratio, and the cross section perpendicular to the longitudinal direction of the steel ppe after reducing 
contains super fine grains of said ferrite having an average crystal grain size of 1 or less. 

15 23. The superfine granular steel pipe as claimed in any one of Claims 17 to 19, wherein the structure of the steel ppe 
after reducing consists of ferrite together with a second phase other than ferrite accounting for more than 30 % in 
area ratio, and the cross section perpendicular to the longitudinal direction of the steel ppe after reducing contains 
super fine grains of said ferrite having an average crystal grain size of 2 pjn or less. 

20 24. The super fine granular steel pipe as claimed in any one of Claims 1 7 to 1 9, wherein the structure of the steel ppe 
after reducing consists of ferrite together with a second phase other than ferrite accounting for more than 30 % in 
area ratio, and the cross section perpendicular to the longitudinal direction of the steel ppe after reducing contains 
super fine grains of said ferrite having an average crystal grain size of 1 jim or less. 

25 25. A high strength steel pipe with improved workability which has a composition containing, by weight, more than 
0.30% to 0.70% C, 0.01 to 2.0% Si, 0.01 to 2.0% Mn, 0.001 to 0.10% Al, and balance Fe with unavoidable impuri- 
ties, and a structure consisting of ferrite and a second phase other than ferrite accounting for more than 30 % in 
area ratio, with the cross section perpendicular to the longitudinal direction of the steel pipe contains super fine 
grains of said ferrite having an average crystal grain size of 2 urn or less. 

30 

26. The high strength steel pipe as claimed in Claim 25. wherein the drawing is performed by using a base steel ppe 
having a composition containing, by weight, more than 0.30% to 0.70% C, 0.01 to 2.0% Si, 0.01 to 2.0% Mn, 0.001 
to 0.10% Al, and further containing at least, one or more types selected from the group consisting of 0.5% or less 
of Cu, 0.5% or less of Ni, 0.5% or less of Cr, and 0.5% or less of Mo; or furthermore one or more selected from the 

35 group consisting of 0.1% or less of Nb, 0.1% or less of V, 0.1% or less of Ti, and 0.004% or less of B; or further 
additionally, one or more selected from the group consisting of 0.02% or less of REM and 0.01% or less of Ca; and 
balance Fe with unavoidable impurities. 

27. A high strength steel pipe with improved workability and having a composition containing, by weight, more than 
40 0.30% to 0.70% C, 0.01 to 2.0% Si, 0.01 to 2.0% Mn, 0.001 to 0.10% Al; or further containing one or more types 

selected from the group consisting of 0.5% or less of Cu. 0.5% or less of Ni, 0.5% or less of Cr, and 0.5% or less 
of Mo; or furthermore one or more selected from the group consisting of 0.1% or less of Md. 0.1% or less of V. 0.1% 
or less of Ti, and 0.004% or less of B; or further additionally, one or more selected from the group consisting of 
0.02% or less of REM and 0.01% or less of Ca; and balance Fe with unavoidable impurities; and having a structure 
45 consisting of ferrite and a second phase other than ferrite accounting for more than 30 % in area ratio, with the 
cross section perpendicular to the longitudinal direction of the steel pipe contains super fine grains of said ferrite 
having an average crystal grain size of 2 jim or less; 

which is produced by reducing performed in the temperature range of 400 °C or higher but not higher than the 
so heating or soaking temperature, and in such a manner that said average crystal diameter of di (u-m), said aver- 

age rolling temperature of em (°C). and said total reduction ratio Tred (%) are in a relation satisfying equation 
(1) as follows: 

di £ (2.65 - 0.003 x 0m) x 1 0 {(0 008 * 0m * OOOO) * ^ (1) 
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where, di represents the average crystal diameter of the base steel pipe Gun); 6m represents the average roll- 
ing temperature ( 9 C) ( - (0 i + 0 f) / 2 , where 6 i is the temperature of starting rolling (°C), and e f is the tem- 
perature of finishing rolling (°C)); and Tred represents the total reduction ratio (%) ( = ODi - ODf) x 100 / ODi , 
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where, ODi is the outer diameter of the base steei pipe (mm), and ODf is the outer diameter of the product pipe 
(mm)). 

28. The high strength steel pipe as claimed in any one of Claims 25 to 27. wherein 

it has a structure consisting of fenite and a second phase other than ferrite accounting for more than 30 % in 
area ratio, with the cross section perpendicular to the longitudinal direction of the steel pipe contains super fine 
grains of said ferrite having an average crystal grain size of 1 jim or less. 
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FIG. 1 
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FIG. 2 
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FIG. 6 
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FIG. 7 
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